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Abstract
This document contains details on the experimental work carried out on a small-
scale organic Rankine cycle (ORC) in the Queensland Geothermal Energy Centre
of Excellence (QGECE) laboratory. The aim of the experiments was to gather the
data required to supplement a dynamic model of the laboratory ORC, which is being
modelled in Dymola. Specifically, steady-state data of the power and torque outputs
of the scroll expander was required. The experiments consisted of 27 different
combinations of input variables in order to properly cover the working range required
for the model, and the time-dependent results were averaged and written to a single
file suitable to Dymola. Overall, the tests proceeded as expected, gave useful results
and were successfully implemented into the Dymola models.
1 Introduction
This report gives details of the motivation, design and results analysis
of experiments conducted on the Queensland Geothermal Energy Centre
of Excellence (QGECE) low-pressure organic Rankine cycle using a scroll
expander. Also included are details and data sheets on the key components
of the cycle, for ease of future development or experiment replication (see
Appendix 1). The system is a small, modular test bench for testing a variety
of fluids and expanders under different working conditions. Fig. 1 is a photo
of the test bench as on 9 May 2011. The experiments detailed in this report
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Figure 1: Photograph of QGECE laboratory ORC (09/05/2011)
show the first complete and recorded test results obtained in the laboratory,
and the configuration has since changed in order to test other components.
The primary motivation for performing these experiments is to gather
steady state operating data which can be used to check and calibrate models
under development. A complete dynamic model of the laboratory ORC is
being built up in order to create a library of components which can be
used to develop larger real power cycles. Specifically, the data immediately
required is about the power generation capabilities of the scroll expander under
various conditions. Generally, the dynamics of the expander are insignificant
compared to the heat exchangers in a Rankine cycle, so a steady state model
of the expander is adequate.
The modelling software is Dymola [1]; a complete modelling and simulation
tool for complex dynamic systems in various engineering disciplines. It
includes accurate fluid models and some basic libraries for thermal cycle
modelling which have been improved and adapted for organic Rankine cycle
and solar thermal modelling. A set of steady state data showing the cycle
inputs and outputs over a range of conditions is required for input to the
existing Dymola models.
2
2 Design
2.1 Experimental setup
The configuration of the system, as on 20 June 2011, is shown in Fig. 2.
Starting with the motor and going clockwise, the components of the system are
detailed in Table 1. See Appendix 1 for detailed notes on the key components.
The main user-controlled inputs for the system are the motor speed,
temperature of the glycol heater, and the electrical voltage over the load.
These give some degree of control over, respectively, the cycle mass flow rate,
m˙cyc, the evaporator temperature, Tuhx, and the pressure ratio of evaporator
to condenser, rp. These independent variables are furthermore referred to as
the cycle inputs. The dependent variables in the cycle are the scroll expander
power, W˙sh, rotational speed, Nsh, and outlet temperature, Tex. These are
the variables which can be used to calibrate the Dymola models, and Table 2
shows which instruments in the ORC give the data for each variable.
The data acquisition and recording system is an in-house code called
SuperDAQ. It records timestamped values at high frequency for all instru-
ments in the cycle, groups them into four channels, and saves each channel’s
data to an independent comma-separated values file.
2.2 Data handling
A number of test cases are required to gather enough data to effectively
cover the range of working conditions the model should contain. From initial
tests, the optimum working range of the system was found and is shown in
Table 3. This optimum range was based on limits imposed by the heater
and load resistor network, and on the minimum cycle temperature to prevent
condensation in the expander. Three values for each input is deemed adequate
to cover the working range for use in the Dymola models. It follows that the
minimum, maximum, and half-way value of each input is used, and therefore
there is a total of 27 test cases. Table 4 shows all of the test cases.
As described in the previous section, the data required for the Dymola
model is in steady state form. The raw results from SuperDAQ are time-
dependent and so must be averaged over a suitable time frame for each test
case. Three minutes of continuous operation is deemed a suitable time frame,
as long as the data remains fairly constant during that time. The SuperDAQ
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Figure 2: Diagram of QGECE organic Rankine cycle. The numbers in boxes represent
the instrument designations in Table 2 to match with the objective outputs.
Table 1: ORC component list
Component Model Quantity
Motor CMG CW34075 1
ORC pump CAT 2SF29ELS 1
Thermocouple K-type generic 10
Pressure transducer Druck PMP-1400 6
Brazed plate evaporator AHTT SL34-30 1
Glycol electric heater Helios CHO-20 (20 kW) 1
Scroll expander Sanden TRSA09 1
Rotary torque meter Honeywell 1804-200 1
Alternator generator Bosch K1 BXU2456A 28V 55A 1
Oil separator Airmender S-4005 1
Brazed plate condenser AHTT SL34-30 2
Coriolis flow meter Siemens 7ME4100-1ED13-1AB1 1
Fluid receiver Airmender CR-104 (5.9 L) 1
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Table 2: Instrument data corellation
Variable Instrument
m˙cyc Coriolis flow meter
Tuhx Thermocouple 1
puhx Pressure transducer 1
plhx Pressure transducer 2
W˙sh Rotary torque sensor
Nsh Rotary torque sensor
Tex Thermocouple 2
Table 3: System working condition range
Cycle inputs Minimum Maximum
m˙cyc 0.05 kg/s 0.07 kg/s
Tuhx 80
◦C 120◦C
rp 1.3 1.7
graphical user interface shows real-time data and can ensure that the data
remains steady-state for the entire recording duration. A script written in
Python, ‘DataMorph.py’ (See Appendix 2), is used to retrieve the appropriate
information from the SuperDAQ files, average the results, and write them into
a comma-separated value file which is compatible with Dymola.
2.3 Procedure
The experimental method for each test case follows. The input values
referenced are the values found in Table 4.
1. Set glycol heater temperature to approximately Tuhx
2. Reset the voltage on the load to default to prevent unexpected expander
behaviour at start-up
3. Set the motor control voltage so that Nsh is correct
4. Once glycol heater reaches desired temperature, turn on the ORC pump
motor
5. Monitor real-time results on SuperDAQ GUI
6. Adjust voltage on the load until rp is correct
7. Make adjustments to glycol heater temperature setting until the monitor
reads the correct value of Tuhx
8. Begin SuperDAQ recording
9. After three minutes, stop recording and save the results files
10. Turn off the ORC pump motor.
Once this procedure is complete for all 27 test cases, the DataMorph.py script
is used to process the data into the single required file.
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3 Results
The processed data from the tests described in previous sections is shown in
Table 4. The tests were completed successfully within the desired range of
working conditions, and the DataMorph.py script transformed the data into
a file that is workable in Dymola.
Table 4: All test cases and results
Experiment m˙cyc Tuhx puhx plhx Nsh W˙sh Tex
(kg/s) (◦K) (kPa-abs) (kPa-abs) (rpm) (W) (◦K)
111 0.0509 354.4 1118 867 897 124.3 345.5
112 0.0496 354.1 1284 860 661 244.0 341.5
113 0.0487 354.1 1445 853 479 273.3 338.6
121 0.0494 372.9 1223 948 795 136.5 363.8
122 0.0490 373.4 1396 935 612 250.4 360.0
123 0.0509 372.6 1441 850 596 337.8 356.8
131 0.0509 392.3 1194 929 944 104.7 382.5
132 0.0499 392.5 1371 916 712 257.4 379.2
133 0.0468 392.6 1518 895 495 287.4 376.7
211 0.0591 353.7 1226 942 959 168.7 345.0
212 0.0604 353.4 1412 935 770 326.1 339.4
213 0.0594 352.3 1568 914 567 369.2 335.6
221 0.0604 373.0 1227 945 1089 139.4 364.3
222 0.0604 372.8 1388 924 874 329.3 359.7
223 0.0602 373.0 1544 905 696 424.6 356.6
231 0.0612 391.6 1283 989 1117 143.7 382.2
232 0.0598 392.5 1462 973 865 345.5 378.9
233 0.0594 392.0 1623 956 685 430.0 375.7
311 0.0707 353.1 1328 102 1113 197.1 344.3
312 0.0692 353.0 1491 997 861 377.1 339.1
313 0.0712 352.3 1678 987 673 462.7 334.9
321 0.0706 373.0 1314 1009 1244 199.4 364.5
322 0.0684 374.9 1436 951 1009 382.9 361.6
323 0.0690 372.9 1624 957 792 513.1 356.1
331 0.0701 394.2 1369 1057 1256 184.5 385.2
332 0.0687 393.6 1548 1027 993 427.1 379.3
333 0.0704 390.7 1703 1007 836 552.0 373.4
4 Conclusions
Experiments were carried out on the Queensland Geothermal Energy Centre
of Excellence low-pressure laboratory organic Rankine cycle. The aim of the
tests was to identify the working range of the system and gather steady-state
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data on the performance of the scroll expander, with the intention that this
data be used to supplement dynamic models which are under construction in
the Dymola software.
The experiments proceeded as expected, gave useful results (see Table 4)
and were successfully implemented into the Dymola models.
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Appendix 1
Scroll expander
The expander used in this experiment was originally intended for use as a
compressor in a truck air conditioning unit. It was purchased locally in
Brisbane, Australia, and the cost of a scroll expander of this size is typically
around AU$300. Below are pictures and technical data on the component,
with descriptions in the captions.
Figure 3: Photograph of scroll expander in loop (09/05/2011)
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Figure 4: Cutaway sketch of expander’s scroll profile, traced from a scan in Solid Edge.
The cut location can be visualised in the scroll principle of operation diagram (Fig. 5)
through items 4 and 5. The black mesh section is the fixed scroll, and the blue mesh
scroll section translates counter-clockwise to expand the fluid, which is shown as solid
green. The fluid inlet is the solid black circle (note that it is partially covered during the
revolution) and the outlet is in the shell outside the scroll boundaries. The left diagram
is of the inlet state and the right is of the outlet state. The area, depth and volume
dimensions are of the fluid in the current inlet or outlet pocket.
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Figure 5: Data sheet for the Sanden TRSA09 scroll compressor. Source: Sanden USA
[Available: http://www.sanden.com/index.php?tag=LZYYCH9G2].
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Figure 6: Performance curve for the Sanden TRSA09 scroll compressor. Source: Sanden
USA [Available: http://www.sanden.com/originals/images/TRSA09 Performance.pdf].
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Pump
The pump used in the loop is the CAT 2SF29ELS. Its data sheet is shown
below.
Direct-Drive
Plunger Pumps
Electric Models      2SF10ES
	 2SF20ES,	2SF22ES, 2SF22ELS
	 2SF29ELS,	2SF30ES,	2SF35ES
Gas Models    2SF30GS,	2SF35GS
PUMP FEATURES
• Ultimate portability - less than 11 pounds - less than 10” long.
• Unique spring loaded inlet valves and the flow through ceramic 
plungers provides a smooth, steady flow. 
• Optional 3450 or 1725 RPM models for gas or eletric drive.
• Regulating Unloader is standard on each pump to assure
system pressure control and pump protection.
• Special HT and FPM seals and FPM or EPDM O-Rings for liquid 
compatibility.
COMMON PUMP SPECIFICATIONS
Inlet Pressure Range . (Standard) Flooded to 75 psi (Flooded to 5.25 bar)
.................................... (Hi-Temp) 30 to 75 psi (2.1 to 5.25 bar)
Bore ............................................  0.708” (18 mm)
Max. Liquid Temperature (Standard) 160°F (71°C)
.................................... (Hi-Temp) 190°F (88°C)
Above 130°F call CAT PUMPS for inlet conditions and elastomer recommendations.
Crankcase Capacity ...................  11.83 oz. (.35 l)
Inlet Ports (1) ..............................  3/8” NPTF (3/8” NPTF)
Discharge Ports (2) .....................  3/8” NPTF (3/8” NPTF)
By-Pass Ports (1) .......................  1/4” NPTF (1/4” NPTF)
Weight (Pump Only) ...................  10.6 lbs. (4.8 kg)
Dimensions (Pump Only) ............  9.13 x 6.65 x 6.50” (232 x 169 x 165mm)
SPECIFICATIONS
 U.S. Metric U.S. Metric
 Measure Measure Measure Measure
MODEL  2SF10ES
Flow ................................................................  1.0 gpm (3.8 l/m)
Max. Discharge Pressure ...............................  2000 psi (140 bar)
Max. RPM .......................................................  3450 rpm (3450 rpm)
Stroke .............................................................  0.067” (1.7 mm)
MODEL 2SF20ES 2SF22ES
Flow ........................  2.0 gpm (7.6 l/m) 2.2 gpm (8.3 l/m)
Max. Discharge Pressure 2000 psi (140 bar) 2000 psi (140 bar)
Max. RPM ...............  3450 rpm (3450 rpm) 3450 rpm (3450 rpm)
Stroke .....................  0.122” (3.1 mm) 0.132” (3.35 mm)
MODEL  2SF22ELS
Flow ................................................................  2.2 gpm (8.3 l/m)
Max. Discharge Pressure ...............................  2000 psi (140 bar)
Max. RPM .......................................................  1725 rpm (1725 rpm)
Stroke .............................................................  0.248” (6.3 mm)
MODEL 2SF29ELS 2SF30ES
Flow ........................  2.85 gpm (10.8 l/m) 3.0 gpm (11.4 l/m)
Max. Discharge Pressure 1500 psi (105 bar) 1500 psi (105 bar)
Max. RPM ...............  1725 rpm (1725 rpm) 3450 rpm (3450 rpm)
Stroke .....................  0.335” (8.5 mm) 0.177” (4.5 mm)
MODEL  2SF30GS
Flow ................................................................  3.0 gpm (11.4 l/m)
Max. Discharge Pressure ...............................  2000 psi (140 bar)
Max. RPM .......................................................  3450 rpm (3450 rpm)
Stroke .............................................................  0.189” (4.8 mm)
MODEL 2SF35ES 2SF35GS
Flow ........................  3.5 gpm (13.2 l/m) 3.5 gpm (13.2 l/m)
Max. Discharge Pressure 1500 psi (105 bar) 2000 psi (140 bar)
Max. RPM ...............  3450 rpm (3450 rpm) 3450 rpm (3450 rpm)
Stroke .....................  0.220” (5.6 mm) 0.220” (5.6 mm)
Optional Electric-3/4” Shaft - 2SF30GES, 2SF35GES
ES, ELS = Electric 5/8” hollow shaft with bolt mount
GES = Electric 3/4” hollow shaft with bolt mount
GS = Gas 3/4” hollow shaft with bolt and adapter mount
Mounting Flange: SAE J609, Flange A, Extension 3 (3/4”Ø)
Shaft Length: 2.296, Pilot Ø= 1 5/8”,B.C. Ø= 3 5/8”, Thread= 5/16”- 24 UNC Tap 
Refer to pump Service Manual for repair procedure and additional technical information. 
“Customer confidence is our greatest asset”
All High Pressure Systems require a primary pressure regulating device (i.e. regulator, unloader) 
and a secondary pressure relief device (i.e. pop-off valve, relief valve). Failure to install such relief 
devices could result in personal injury or damage to pump or property. CAT PUMPS does not 
assume any liability or responsibility for the operation of a customer’s high pressure system.
Read all CAUTIONS and WARNINGS before commencing service or operation of any high 
pressure system. The CAUTIONS and WARNINGS are included in each service manual and with 
each Accessory Data sheet. CAUTIONS and WARNINGS can also be viewed online at 
www.catpumps.com/cautions-warnings or can be requested directly from CAT PUMPS. 
(Unloader included with pump)
Figure 7: Data sheet for CAT 2SF29ELS pump. Source: Cat Pumps [Available:
http://catpumps.com/products/pdfs/2SF.pdf].
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Heat exchangers
The evaporator and two condensors used in the ORC are brazed plate heat
exchangers with 30 plates each, manufactured by AHTT. A diagram with
dimensions is shown below.
Figure 8: Diagram of AHTT SL34-30 brazed plate heat exchanger. Source: AHTT
Engineering [Available: http://www.heattransfer.com.au].
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Glycol electric heater
The secondary fluid heating system used comprises of an electric element,
tank, temperature control unit and circulation pump and motor. The heating
element used is a Helios 20kW flanged immersion tube heater; model CHO-20.
Its specification sheet is given in Fig. 9.
Temperature control for heater
The temperature controller incorporated with the heating system is an RKC
general purpose temperature control unit, purchased from Pyrosales Total
Temperature Solutions (Available: http://www.pyrosales.com.au). The full
model number is CB100FK06-M*AN-5N/A/Y. This is explained in the table
following.
Table 5: RKC temperature control unit specifications. Source: Pyrosales [Available:
http://www.pyrosales.com.au/files/grabdoc.php?type=doc&id=177].
Symbol Category Details
CB100 Size (1/16 DIN size)(48/48mm)
F Control method PID control with AT (reverse action)
K Input type K type thermocouple
06 Input range 0 - 1200 ◦C
M Control output 1 Relay output
(no symbol) Control output 2 Control method : F, D
A Alarm 1 Deviation High
N Alarm 2 No alarm
5 Digital comms RS-485 (2-wire system)
N Waterproof/dustproof Not supplied
A Body color Black
Y Instrument version Version symbol
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Figure 9: Specifications of Helios CHO 20 flanged immersion heater. Source: Helios
Electroheat Pty. Ltd. [Available: http://www.helios.com.au/Brochures/HC%2014-
16.pdf]. 15
Circulation pump/motor combination for heater
The heating fluid circulation pump is a pump/motor combination purchased
from WEG Australia (http://www.weg.com.au). Its specifications, tran-
scribed from the nameplate, are tabulated below.
Table 6: WEG 070548124 nameplate specifications
PH 3 HP(KW) 0.50(0.37)
V 208-230/460 Hz 60
A 1.85-1.85/0.93 RPM 3475
SFA 2.53/1.27 ENCL ODP
SF 1.60 DUTY CONT
1.4 S.F. @ 208V
PF 0.77 INS B
50Hz 0.5HP 190/380V 2.04/1.02A 2830RPM S.F. 1.0
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Alternator generator
The alternator is used in the loop in combination with a bank of resistors
to create the load for the Rankine cycle to work against. It is a Bosch K1
BXU2456A rated at 28V 55A. From testing, the alternator-resistor combina-
tion is able to provide up to 6.3 Nm of torque as load. A diagram is shown
below.
Figure 10: Diagram of Bosch K1 alternator. Source: Bosch Australia [Available:
http://www.bosch.com.au/content/language1/downloads/Visual ID Alternators B.pdf].
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Motor for pump
The pump motor is a CMG CW34075. Its specifications are shown below.
Figure 11: Specifications of CMG CW34075. Source: ACP&D Limited [Available:
http://www.acpd.co.uk/sei/s/1488/cmg%20-%20cw%20series%20brochure.pdf].
18
Thermocouples
The thermocouples used were generic K-type ones with a working range of
approximately -200◦C to 1250◦C.
Pressure transducer
The pressure transducers used were of the Druck PMP 1400 series, with
modification by supplier to extend the valid temperature range. These are
industrial pressure sensors designed for use in aggressive conditions and with
a wide range of working media. The main working ranges are shown in the
table below.
Table 7: Druck PMP 1400 working range. Source: General Electric Company [Available:
http://www.ge-mcs.com/en/pressure-and-level/transducerstransmitters/pmpptx1400-series.html].
Parameter Minimum Maximum
Pressure 0 bar 600 bar
Temperature -20◦C 80◦C a
aThe working fluid in the experiment reaches up to 120◦C, which is higher than
the recommended maximum. Note that the stock pressure sensors were modified by
the supplier to extend the temperature range.
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Rotary torque meter
The torque meter is a Honeywell Enhanced Accuracy Rotary Torque Sensor
(Model 1804-200). Its datasheet is provided below.
2			Honeywell	•	Sensing	and	Control
Model 1804-1807 
PERFORMANCE SPECIFICATIONS
Characteristic Measure
Torque range 100,	200,	500,	1K,	2K,	5K,	10K,	20K,	
50K,	100K	lb-in
Non-linearity ±0.05	%	of	rated	output
Hysteresis ±0.05	%	of	rated	output
Repeatability ±0.02	%	of	rated	output
Output @ rated capacity 2	mV/V	(nominal)
ENVIRONMENTAL SPECIFICATIONS
Characteristic Measure
Temperature,	operating -30 °C to 77 °C [-20 °F to 170 °F] 
Temperature,	compensated 21 °C to 77 °C [70 °F to 170 °F]
Temperature	effect,	zero ±0.001	%/of	rated	output	°F
Temperature	effect,	output ±0.001	%/of	reading	°F
ELECTRICAL SPECIFICATIONS
Characteristic Measure
Excitation 3.28	kHz	optimum	@	10	Vac	RMS
Insulation resistance >	5000	mOhm	@	50	Vdc
Number of bridges 1
Zero balance ±1.0	%	of	rated	output
TYPICAL SYSTEM DIAGRAM
               
24368-2 Speed Sensor 
22236 Zero Velocity Pickup
Optional
1804: 25413-8
1805: 25413-9
1806: 25413-17
1807: 25413-11
Optional Foot Mount
Customer Supplied
Chart Recorder
Alarm Panel
Data Acquisition
Computer
PLC
             
7541-111 (Single Channel Display)
7541-112 (Dual Channel Display)
7541-115 (For Torque and Optional
                 Speed Display)          
Display Units
Lebow Products MODEL 7541
MENU VIEW TEST TARE HOLD
ESC
RESET
ENTER
Model 1804-1807
Mating Connectors & Cables
064-LW13621 Mating connector
064-LW13656 Mating connector,  speed pickup 
064-LW25469 Mating connector, zero velocity speed pickup
7200-81-XX*   Mating connector & 6 conductor cable 
                        (unamplified unit with sense leads but not shunt cal)
7204-00-XX*   Speed sensor cable, pigtail leads at instrument
7204-16-XX*   Speed sensor cable to instrument 7541
7220-47-XX*   Zero velocity speed sensor cable, pigtail leads at instrument
7220-119-XX* Zero velocity speed sensor cable to instrument 7541
*  XX represents length in feet  100ft maximum
** XX represents length in feet  20ft maximum
RUN CAL
Model 7927-108 for 
connection to 7541
Optional Calibration Arm
14086-1 (for 500-2000 in-lbs)
14086-2 (for 50-200 in-lbs)
Figure 12: Data sheet for Honeywell rotary torque sensor. Source: Honeywell International [Available:
https://measurementsensors.honeywell.com/ProductDocuments/Torque/Model 1800 Datasheet.pdf].
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Coriolis flow meter
The mass flow rate sensor used was a Siemens SITRANS F C MASS 2100
DI 3-40 and the transmitter was a SITRANS F C MASSFLO MASS 6000.
Pictures and data tables are provided below.
Figure 13: Coriolis flow sensor and transmitter. Source: Siemens AG [Available:
http://www.automation.siemens.com].
Table 8: Siemens coriolis flow rate sensor data. Source: Siemens AG [Avail-
able: http://www.automation.siemens.com/w1/automation-technology-sitrans-f-c-mass-
2100-di-3-40-18649.htm].
Parameter Details
Measuring range From 0 to 52000 kg/hr
Nominal size From DI 3 to DI 40 (1/8” to 112”)
Accuracy ≤ 0.1% of rate
Nominal pressure Max 410 bar
Medium temperature From -50 to 180 ◦C
Sensor design One tube bended
Enclosure IP65 (NEMA 4)
Approvals ATEX EEx (ia) IIC TC-T6
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Table 9: Siemens coriolis flow rate transmitter data. Source: Siemens AG
[Available: http://www.automation.siemens.com/w1/automation-technology-sitrans-f-c-
mass-6000-18653.htm].
Parameter Details
Accuracy, mass flow 0.1% of mass flow rate
Outputs standard 1 current, 1 pulse, 1 relay
Communication
HART
PRODIBUS PA & DP
MODBUS RTU RS 485
DeviceNet
Foundation Fieldbus
Display 3 x 20 characters
Enclosure rating IP67
Ambient temperature From -20 ◦C to 50 ◦C
Approvals EEx (ia) IIC
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Oil separator
The oil separator used was an Airmender S-4005. It is a component meant
for use in compression refrigeration systems, but serves just as appropriately
in an expansion cycle. A picture and dimensions are given below.
Figure 14: Airmender oil separator. Source: AIRMENDER Refrigeration Equipment Co.
[Available: http://www.airmender.com.tw/refrigerant-oil-separators-p3.html].
Table 10: Airmender oil separator dimensions. All dimensions
inches. Source: AIRMENDER Refrigeration Equipment Co. [Available:
http://www.airmender.com.tw/refrigerant-oil-separators-p3.html].
Model No.
In and Out A Shell B Shell C
D
Size Conn. Dia. Length Length
S-4005 5/8” ODS 4 13.38 1.38 1.89
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Fluid receiver
The refrigerant receiver used was an Airmender CR-104. Its purpose in the
loop is to buffer flow into the pump and ensure that only liquid is allowed to
enter. Picture and dimensions are given below.
Figure 15: Airmender refrigerant receiver. Source: AIRMENDER Refrigeration Equip-
ment Co. [Available: http://www.airmender.com.tw/refrigerant-receivers-p15.html].
Table 11: Airmender refrigerant receiver dimensions. All dimensions
inches. Source: AIRMENDER Refrigeration Equipment Co. [Available:
http://www.airmender.com.tw/refrigerant-receivers-p15.html].
Model No.
Dia. Shell B In Tube Out Tube Volume
A Length Length Length (L)
CR-104 6 13.78 1/2 1/2 5.90
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Appendix 2
Below is the python script used to transform the raw data into a single comma-
separated values file.
# DataMorph.py
"""Imports .csv results for 27 experiments and returns a .csv file
suitable for Dymola calibration.
B. L. Twomey
Postgraduate Research Scholar
Queensland Geothermal Energy Centre of Excellence
University of Queensland
24-June-2011
"""
import numpy as np
#import pylab
import csv
import os
print ’\n’ * 5
print ’Begin DataMorph.py’
#---------------------------------------------------------------------
def csvmean(filename, column, titlerows):
"""Returns the mean value from a column in a csv file.
filename: string containing file name with respect to current folder
column: which column to process
titlerows: integer describing number of leading title rows to omit
from processing"""
ifile = open(filename, ’rb’)
reader = csv.reader(ifile)
data_raw = np.array([])
for row in reader:
data_raw = np.append(data_raw, row[column])
ifile.close()
for x in xrange(titlerows):
data_raw = np.delete(data_raw, x)
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data_all = np.array([])
for z in xrange(np.size(data_raw)):
data_all = np.append(data_all, float(data_raw[z]))
meanvalue = np.mean(data_all)
return meanvalue
#---------------------------------------------------------------------
num = 27
titles = np.array([’Experiment’,’mdot’,’Tsu’,’psu’,’pex’,’N’,’Wsh’,’Tex’])
results = np.zeros([num,8])
line = -1;
for i in xrange(3):
print str(int((i) * 100./3.)) + ’%’
for j in xrange(3):
for k in xrange(3):
line = line+1
filename = ’Data/R’+str(i+1)+str(j+1)+str(k+1)+’/device_A_data.csv’
N = csvmean(filename, 4, 1)
Wsh = csvmean(filename, 6, 1)
filename = ’Data/R’+str(i+1)+str(j+1)+str(k+1)+’/device_2_data.csv’
Tsu = csvmean(filename, 6, 1) + 273.15
Tex = csvmean(filename, 7, 1) + 273.15
filename = ’Data/R’+str(i+1)+str(j+1)+str(k+1)+’/device_4_data.csv’
psu = csvmean(filename, 2, 1) * 1e6 + 101325
pex = csvmean(filename, 3, 1) * 1e6 + 101325
filename = ’Data/R’+str(i+1)+str(j+1)+str(k+1)+’/device_6_data.csv’
mdot = csvmean(filename, 2, 1)
results[line, 0] = float(str(i+1)+str(j+1)+str(k+1))
results[line, 1] = mdot
results[line, 2] = Tsu
results[line, 3] = psu
results[line, 4] = pex
results[line, 5] = N
results[line, 6] = Wsh
results[line, 7] = Tex
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filename = ’Data/Dymola_data.csv’
print "Writing ’" + filename + "’"
ofile = open(filename, ’wb’)
writer = csv.writer(ofile, delimiter=’,’, quotechar="’", quoting=csv.QUOTE_MINIMAL)
writer.writerow(titles)
for row in results:
writer.writerow(row)
ofile.close()
print ’Done! End DataMorph.py’
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